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(54) Air flow measuring device 

(57) The present invention provides an air flow 
measuring device comprising a housing (2) with a sub- 
passage (7) having a inlet (9) and a outlet (10) for air 
flow formed in the housing (2), the sub-passage (7) fur- 



ther having a predefined curvature with a maximum 
downstream point (8a) and a flow measuring element 
(3) located in the sub-passage (7) at a position at least 
further downstream from the point (8a). 
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D scription 

FIELD OF THE INVENTION 

[0001 ] The present Invention relates to air flow meas- 
uring devices, and particularly, to airflow measuring de- 
vices for internal combustion engines. 

DISCUSSION OF THE RELATED ART 

[0002] Conventional airflow measuring devices for in- 
ternal combustion devices are provided with a filter ele- 
ment for cleaning the incoming air. However, its cleaning 
effect is inadequate since the dust particles or moisture 
contained in the intake air, often passes through the filter 
element reaching the air intake passage, where the air 
flow measuring device is located. Also, certain after 
market air filter products are poorer in quality as corn- 
par d to the original product which further exasperates 
the problem. If the dust particles contained in the intake 
air adheres to the flow measuring element of the air flow 
measuring device, the characteristic heat radiation 
which is utilized to accurately measure the air flow can 
deviate, outputting inaccurate results. Also, depending 
on the dust particle size and speed of the particle in the 
incoming air flow, the flow measuring element may even 
be damaged. Further, if moisture, such as water, ad- 
heres to the measuring element, the element may de- 
teriorate with time due to sudden temperature changes 
or provide an inaccurate output due to changes in the 
heat radiation rate. 

SUMMARY OF THE INVENTION 

[0003] An object of the present invention is to provide 
a sub-passage that allows dust or moisture contained 
in the intake air, which may provide inaccurate readings 
by an airflow measuring element, due to contamination 
or break-down, to be separated by inertial force of the 
dust or moisture while ensuring a sufficient air flow in 
the area where the flow measuring element is installed. 
[0004] According to the invention an air flow measur- 
ing device can comprise a housing with a sub-passage 
having an inlet and an outlet for air flow formed in the 
housing. The sub-passage can have a predefined cur- 
vature with a maximum downstream point. Also : a flow 
measuring element can be located in the sub-passage 
at a position at least further downstream from the point. 
[0005] According to the invention an engine can com- 
prise an engine control unit and an airflow measuring 
device electrically coupled to the engine control unit for 
measuring airflow. The air flow measuring device can 
comprise a housing with a sub-passage having an inlet 
and an outlet for airflow is formed in the housing. The 
sub-passage can have a predefined curvature with a 
maximum downstream point. Also, a flow measuring el- 
ement can be located in the sub-passage at a position 
at least further downstream from said point. 
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[0006] According to the invention an air flow measur- 
ing device can comprise a housing and a sub-passage 
formed in the housing. The sub-passage can have a pre- 
defined curvature with a maximum downstream point 
and a flow measuring element located in the sub-pas- 
sage at a position at least further downstream from the 
point. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] The above advantages and features of the in- 
vention will be more clearly understood from the follow- 
ing detailed description which is provided in connection 
with the accompanying drawings. 

Fig. 1 illustrates a cross-sectional view of a airflow 
measuring device according to one embodiment of 
the present invention; 

Fig. 2 illustrates a cross-sectional view of a sub- 
passage according to one embodiment of the 
present invention; 

Figs. 3-1 through 3-4 illustrates cross-sectional 
views of the subpassages in the structures shown 
in Figs. 1 and 2; 

Fig. 4 illustrates a cross-sectional view of a modified 
version of the sub-passage structure shown in Fig 

2; 

Fig. 5 illustrates across-sectional view of a modified 
version of the sub-passage structure shown in Fig. 
1 » 

Fig. 6 illustrates a cross-sectional view of a modified 
version of the sub-passage structure shown in Fig. 

2; 

Fig. 7 illustrates a cross-sectional view of a modified 
version of the sub-passage structure shown in Fig. 
1; 

Fig. 8 illustrates a cross-sectional view of a modified 
version of the sub-passage structure shown in Fig. 

"I > 

Fig. 9 illustrates a cross-sectional view of a modified 
version of the sub-passage structure shown in Fig. 

Fig. 10 illustrates a cross-sectional view of a modi- 
fied version of the sub-passage structure shown in 
Fig. 1 ; 

Fig. 1 1 illustrates the result of a CAE calculation uti- 
lizing the air flow measuring device of the present 
invention; 
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Fig. 12 illustrates the result of another CAE calcu- 
lation utilizing the air flow measuring device of the 
present invention; and 

Fig. 13 illustrates a internal combustion engine of 
utilizing the air flow measuring device of the present 
invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0008] Exemplary embodiment of the present inven- 
tion will be described below in connection with the draw- 
ings. Other embodiments may be utilized and structural 
or logical changes may be made without departing from 
the spirit or scope of the present invention. Although the 
invention is described in terms of an automobile com- 
ponent, namely, an automobile engine, the invention is 
applicable to other combustion engines utilizing an air 
flow measuring device. Like items are referred to by like 
reference numerals throughout the drawings. 
[0009] Referring now to the drawings, Fig. 1 illustrates 
a cross-sectional view of an air flow measuring device 
of the present invention. The air flow measuring device 
is preferably a heating resistor type. In an air intake pas- 
sage 1 of an automobile internal combustion engine de- 
fining a main air flow, a module housing 2 for a heating 
resistor type air flow measuring device is installed 
through a module flange 5. A sub-passage 7 is formed 
at the end of the module housing 2 and a flow measuring 
element 3 is installed inside the sub-passage 7. Theflow 
measuring element 3 is electrically connected with an 
electronic circuit 4 installed in the module housing 2 and 
the electronic circuit 4 is electrically connected with the 
outside through a connector 6. The sub-passage 7 con- 
tains a sub-passage inlet 9 whose opening face is per- 
pendicular to the airflow into the air intake passage 1 
and a sub-passage outlet 1 0 whose opening face is par- 
allel to the air flow into the air intake passage 1 . In other 
words, the direction of the airflow is inline with the inlet 
9 and the air flow exits outlet 1 0 in a direction which is 
perpendicular to the entering air flow. Sub-passage 7 
has a semicircular bottom bend 8 with a predefined 
curved surface and the flow measuring element 3 is lo- 
cated on the downstream side of the bend of the sub- 
passage 7. Bottom bend 8 has a maximum downstream 
point 8a ( show in Fig ) at or near the apex of the curvature 
which is in a maximum downstream position relative to 
the main air flow in the air intake passage 1 . Hence, air 
flow enters inlet 9 and travels in a direction upstream 8b 
( show in Fig ) to the maximum downstream point 8a and 
travels in a direction downstream 8c ( show in Fig ) to- 
ward outlet 10. Hence, dust particles or other foreign 
matter which has entered sub-passage 7 travels along 
the outer wall surface 71 (as shown in Fig. 3) at the sub- 
passage bottom bend 8 by inertial force based on the 
velocity and weight of the dust particle or foreign matter. 
Thus, the dust particles or other foreign matter does not 
interfere with the flow measuring element 3 located 



4 

around the maximum downstream point 8a of the sub- 
passage bottom bend 8 and is discharged to the air in- 
take passage 1 through the sub-passage outlet 10. 
[0010] Fig. 2 is a cross-sectional view of a sub-pas- 

5 sage structure in another embodiment of the present in- 
vention. Sub-passage 7 has a predefined curvature 
which continues to curve to outlet 10 beyond the flow 
measuring element 3. In other words, the flow measur- 
ing element 3 is located in a direction downstream 8c 

io from the maximum downstream point 8a relative to the 
airflow in the sub-passage 7 as described in Fig. 1 . The 
opening face of the sub-passage inlet 9 is perpendicular 
to the air flow into the air intake passage 1 and the sub- 
passage outlet 1 0 has its opening face in a plane parallel 

15 to the direction of the air flow. Hence, dust particles or 
other foreign matter which has entered the sub-passage 
7 goes along the outer wall 71 (as shown in Fig. 3) of 
the sub-passage 7 by inertial force based on its own ve- 
locity and weight. In this way, it does not collide against 

20 the flow measuring element 3 located in a direction 
downstream 8c from the maximum downstream point 
8a of the sub-passage and is discharged into the air in- 
take passage 1 through the sub-passage outlet 10. in 
this embodiment, the sub-passage 7 is continuously 

25 curved to the outlet 10 so that vortex formation which 
may occur on the downstream side of the inner wall area 
of the sub-passage bend can be effectively suppressed, 
allowing the heating resistor type air flow measuring el- 
ement 3 to provide a stable output with less noise. Also, 

30 in this structure, the position of the sub-passage outlet 
1 0 can be altered without changing the size of the entire 
sub-passage, which means that the relative distance 
between the sub-passage inlet 9 and the sub-passage 
outlet 10 can be changed. The relative distance be- 

35 tween the sub-passage inlet 9 and outlet 1 0 is an impor- 
tant factor that determines the effect of inertia given 
throughout the sub-passage 7. By changing the dis- 
tance freely, the effect of the air flow in the airflow meas- 
uring device can be more easily controlled. 

40 [0011] Figs. 3-1 through 3-4 illustrate cross-sectional 
views of the sub-passage 7 shown in Figs. 1 and 2, in 
particular, cross-section "A-A" of Fig.2. In Fig. 3-1, for- 
eign matter that has entered the sub-passage 7 collides 
against the outer wall surface 71 of the sub-passage 7. 

45 in this example, the outer wall surface 71 is completely 
flat and the foreign matter which has collided against the 
wall surface 71 may rebound toward the center of the 
sub-passage 7 again. In other words, outer wall 71 does 
not provide a means for guiding and gathering the dust 

so particles or foreign matter. Rather, foreign matter re- 
peatedly rebounds and collides against outer wall 71 
while gradually moving along the outer wall surface 71 
of the sub-passage 7 to outlet 10. In contrast, the outer 
wall surface 71 of Figs. 3-2 through 3-4 are grooved to 
55 effectively gather and guide foreign matter to outlet 10. 
Fig. 3-2 shows an example in which the outer wall sur- 
face 71 of the sub-passage is grooved to be semicircu- 
lar. Fig. 3-3 shows an example in which one side of a 
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junction between the sub-passage outer wall surface 71 
and the sub-passage side wall surfaces 72 is grooved. 
Fig. 3-4 shows an example where both sides of the junc- 
tion between the sub-passage outerwall surface 71 and 
the sub-passage side wall surfaces 72 are grooved. In 
all these structures, based on the angle of the walls 71 , 
72, dust or other foreign matter that has collided against 
the sub-passage outer wall surfaces 71 , 72 rebounds 
toward the groove of the sub-passage 7, which permits 
the foreign matter to be more effectively gathered and 
guided toward the sub-passage outlet 10. Also, the 
groove allows dust particles or other foreign matter col- 
lected in the outer wall surface 71 to be effectively dis- 
charged through the air vent 11 into the air intake pas- 
sage 1 without interfering with the flow measuring ele- 
ment 3 which is located, at least above the groove, 
which reduces the deterioration, break-down or other 
damage to the flow measuring element 3. 
[0012] Fig. 4 illustrates a cross-sectional view of a 
modified version of the sub-passage structure as shown 
in Fig, 2. Here, an air vent 11 with an opening surface 
area of less than about fifty percent of the opening sur- 
face area of the sub-passage outlet 1 0 is provided on 
the sub-passage side wall surface 72, downstream 8c 
from the flow measuring element 3. By regulating the 
opening of the air vent 11 , the inertial effect of the sub- 
passage 7 can be effectively controlled. Another advan- 
tage of this structure is air vent 11 allows any water 
trapped in sub-passage 7 to be effectively forced out of 
it, even if the air in it is still. 

[0013] Figs. 5 and 6 are cross-sectional views of an- 
other embodiment of the sub-passage structures as 
shown in Figs. 1 and 2, respectively. In both structures, 
an air vent 1 1 with a height "a" of about 1 mm is provided 
in a direction upstream 8b from the flow measuring ele- 
ment 3 in sub-passage 7. In these structures, when the 
ratio of the opening surface area of the air vent 11 to 
that of the sectional surface area (at its widest point) of 
subpassage 7 is less than 1 :10, it is possible to effec- 
tively discharge foreign matter as mentioned above, 
without impairing the performance of the sub-passage 
7. Further, an air vent 11 of this embodiment is effective 
in eliminating moisture which may collect inside the sub- 
passage 7. 

[0014] Fig. 7 illustrates a cross-sectional view of a 
modified version of the sub-passage structure as shown 
in Fig. 1 The sub-passage 7 has a sub-passage inlet 9 
with an opening face which is perpendicular to the air 
flow in the air intake passage 1 and a sub-passage outlet 
1 0 with an opening face parallel to the air flow in the air 
intake passage 1. Sub-passage 7 has a semi-circular 
bottom bend 8 with a predefined curved surface and the 
flow measuring element 3 is located on the downstream 
side of the bend of the sub-passage 7. Bottom bend 8 
has a maximum downstream point 8a ( show in Fig ) at 
or near the apex of the curvature Hence, air flow enters 
inlet 9 and travels in a direction upstream 8b ( show in 
Fig ) to the maximum downstream point 8a and travels 



in a direction downstream 8c ( show in Fig ) toward outlet 
10. Hence, since dust particles or other foreign matter 
which has entered the sub-passage 7 travels along the 
outer wall surface 71 (as shown in Fig. 3) at the sub- 

s passage bottom bend 8 by inertial force based on the 
velocity and weight of the dust particle or foreign matter, 
it does not interfere with the flow measuring element 3 
located downstream from the maximum downstream 
point 8a of the sub-passage bottom bend 8 and is dis- 

10 charged to the air intake passage 1 through the sub- 
passage outlet 10. 

[0015] In sub-passage 7, at a location at least up- 
stream from the maximum downstream point 8a relative 
to the air flow in the sub-passage, there is a first vertical 

15 path bottom inclination 12 with a given angle from the 
plane of air flow from the sub-passage inlet 9. Prefera- 
bly, an air vent 11 is provided at the base of the inclina- 
tion 12. In this embodiment, dust particles or other for- 
eign matter which has entered the sub-passage 7 will 

20 tend to go straight down the first vertical path 73 by its 
own weight and velocity toward the first vertical path bot- 
tom inclination 12. Also, the dust particles or other for- 
eign matter exits sub-passage 7 by air vent 11 . There- 
fore, air flow, free of debris or moisture can flow in the 

25 first horizontal path 75, then downstream towards the 
second vertical path 74 and exits at outlet 1 0. 
[0016] Fig. 8 illustrates a cross-sectional view of a 
modified version of the sub-passage structure as shown 
in Fig. 1 . Here, a second vertical path bottom inclination 

30 1 2a ( show in Fig ) is provided opposite to that of the first 
inclination 12. The second inclination 12a is also provid- 
ed upstream from the maximum downstream point 8a. 
This design is suited to sub-passages which has a first 
vertical path 73, smallerthan the one described in Fig. 7. 

35 [0017] Figs. 9 and 10 show other embodiments, as 
modified versions of the embodiment shown in Fig. 7. 
Note, in both these embodiments, the airflow measuring 
element 3 is also provided downstream from the maxi- 
mum downstream point 8a ( show in Fig .). Also, in the 

40 embodiment as described in Fig. 1 0, a second horizon- 
tal path 76 is shown. These embodiments produce sub- 
stantially the same effect on dust particles and other for- 
eign matter entering the sub-passage 7 as the one de- 
scribed in Fig. 7. 

45 [0018] Fig. 11 illustrates the result of Computer Aided 
Engineering (CAE) calculation which was carried out uti- 
lizing the air flow measuring device of the present inven- 
tion. Here, the solid lines represent passage wall sur- 
faces and the dotted lines represent tracks of dust par- 

50 tides or foreign matter in the air. The figure demon- 
strates that dust coming in through the sub-passage in- 
let 9 collides against the outer wall surface 71 of the sub- 
passage 7 and rebounds from it repeatedly, while grad- 
ually moving along the outer wall surface 71. In other 

55 words, dust particles or foreign matter is concentrated 
and guided near the outer wall surface 71 and exits out- 
let 10 with little influence on the measuring element 3. 
[0019] Fig. 1 2 illustrates the result of another CAE of 
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another embodiment of the present invention. Here, the 
solid lines represent passage wall surfaces and the dot- 
ted lines represent tracks of dust in the air. Dust coming 
in through the sub-passage inlet 9 goes straight and col- 
lides against the first vertical path bottom inclination 12. 
Then the dust rebounds toward the air vent 11 due to 
the inclination angle and is forced out of the sub-pas- 
sage 7. In other words, dust particles or foreign matter 
is concentrated and guided near the outer wall surface 
71 and exits air vent 1 1 with little influence on the meas- 
uring element 3 while the air flow exits outlet 10. 
[0020] Hence, the present invention provides an air 
flow measuring device comprising a housing with a sub- 
passage having a inlet and a outlet for air flow formed 
in the housing. The sub-passage has a predefined cur- 
vature with a maximum downstream point. Also ; a flow 
measuring element is located in the sub-passage at a 
position at least further downstream from the point. 
[0021] Fig. 13 illustrates an example of an internal 
combustion engine 507 utilizing the air flow measuring 
device as described in Figs. 1-12 of the present inven- 
tion. Although a specific engine type is described, the 
present invention can be utilized in any internal combus- 
tion engine. Air introduced into a combustion chamber 
507c of the engine 507 is a combination of an air intake 
and EGR gas, wherein the air intake is let in by way of 
an inlet part 502a of an air cleaner 502 and passes 
through an air flow measuring device 503 of the present 
invention, which is one of the means for measuring the 
operating state of the engine 507. The air further passes 
through a throttle body 505 in which an electrically con- 
trolled throttle valve 505a for controlling the air intake 
flow quantity is housed. The electrically controlled throt- 
tle valve 505a is driven by an electrically controlled throt- 
tle motor 526. Next, the air enters a collector 506. From 
the air flow sensor 503, a signal representing the air in- 
take flow quantity is outputted to a control unit 515, for 
example, a engine control unit. 

[0022] A throttle sensor 504, which detects the aper- 
ture of the electrically controlled throttle valve for meas- 
uring the operating state of the engine, is fitted to the 
throttle body 505 and its signal is also outputted to the 
control unit 51 5. Between an air intake pipe 501 and an 
exhaust pipe 51 9, a bypass pipe 525 is provided to con- 
stitute bypass piping for recirculating exhaust gas and 
bypass pipe 525 is provided with an electrically control- 
led type EGR valve 524, for controlling the recirculating 
flow quantity of exhaust gas. The air suctioned into the 
collector 506, after being distributed to air intake pipes 
501 , each connected to one or another of cylinders 507b 
of the engine 507, joins EGR gas and is guided to a com- 
bustion chamber 507c in each cylinder 507b. 
[0023] Fuel, such as gasoline, from a fuel tank 514 
undergoes primary pressurization by a fuel pump 510, 
then undergoes secondary pressurization by another fu- 
el pump 511 to a higher pressure while being regulated 
by a fuel pressure regulator 51 2 to a constant pressure. 
The fuel is subjected to another constant pressure by 



another fuel pressure regulator 513 and injected from 
injectors 509, one of which is provided for in each cylin- 
der, into combustion chambers 507c. Fuel injected into 
combustion chambers 507c is raised in voltage by igni- 
5 tion coils 522 and ignited by ignition plugs 508 in re- 
sponse to an ignition signal. 

[0024] Additionally, a crank angle sensor fitted to a 
crankshaft 507d of the engine 507 outputs an angle sig- 
nal POS for detecting a revolution signal, indicating the 

10 rotational position of the crankshaft 507d, to the control 
unit 515. A catalytic converter 520 is provided midway 
on each exhaust pipe 519 and an A/F sensor 51 8 pro- 
vided upstream from the catalytic converter 520 detects 
the contents of exhausted gas, the resultant detection 

15 signal being outputted to the control unit 515. 

[0025] Although the invention has been described 
above in connection with exemplary embodiments, It is 
apparent that many modifications and substitutions can 
be made without departing from the spirit or scope of 

20 the invention. Accordingly, the invention is not to be con- 
sidered as limited by the foregoing description, but is 
only limited by the scope of the appended claims. 



25 Claims 

1 . An air flow measuring device comprising: 

a housing (2); 

30 a sub-passage (7) with a inlet (9) and a outlet 

(10) for air flow formed in said housing (2), said 
sub-passage (7) having a predefined curvature 
with a maximum downstream point (8a); and 
a flow measuring element (3) located in said 

35 sub-passage (7) at a position at least further 

downstream from said point (8a). 

2. The device of claim 1 wherein said outlet (10) has 
a opening face in a plane parallel to said air flow 

40 into said inlet (9). 

3. The device of claim 1 or 2 further comprising a first 
air vent (11) located downstream from said flow 
measuring element (3) said first air vent (1 1 ) having 

45 a opening surface area of less than about fifty per- 
cent of a surface area of said outlet (1 0). 

4. The device of at least one of claims 1 to 3 further 
comprising a second air vent (11) located upstream 

50 from said flow measuring element (3). 

5. The device of claim 4 wherein said second air vent 
(11) has a height of about 1 mm. 

55 6. The device of claim 4 or 5 wherein said second air 
vent (11) has an opening surface area ratio of less 
than about 1:10 compared to a sectional surface ar- 
ea of said sub-passage (7). 
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7. The device of at least one of claims 1 to 6 wherein 
said sub-passage (7) further comprises a outer wall 
(71), said outer wall (71) having a predefined 
groove for collecting unwanted matter in said air 
flow. 

8. The device of claim 7 wherein said flow measuring 
element (3) is located at a position at least above 
said groove. 

9. The device of at least one of claims 1 to 8 wherein 
said device is located in an air intake passage (1) 
of an internal combustion engine defining a main air 
flow. 

10. The device of at least one of claims 1 to 9 wherein 
said flow measuring element (3) is coupled to an 
electronic circuit for processing data received from 
said element (3). 

1 1 . The device of at least one of claims 1 to 1 0 wherein 
said sub-passage (7) further comprises an inclina- 
tion (12) of the outer wall (71) at least upstream of 
said point (8a) relative to the air flow in the sub-pas- 
sage. 

1 2. The device of claim 1 1 further comprising a third air 
vent (11) positioned at the base of said inclination 
(12). 

13. An engine comprising: 

a engine control unit (515); and 
an air flow measuring device (503) according 
to at least one of claims 1 to 1 2 electrically cou- 
pled to said engine control unit (515) for meas- 
uring airflow. 

14. The engine of claim 13, wherein said device (503) 
is located in an air intake passage (1) defining a 
main air flow. 

15. An airflow measuring device comprising: 

a housing (2) and a sub-passage (7) formed in said 
housing (2), said subpassage (7) having a prede- 
fined curvature with a maximum downstream point 
(8a) and a flow measuring element (3) located in 
said sub-passage (7) at a position at least further 
downstream from said point (8a). 

16. The device of claim 15 wherein said sub-passage 
(7) further comprises a inlet (9) and a outlet (10) for 
airflow, said outlet (10) having a opening face in a 
plane parallel to said air flow into said inlet (9). 

17. The device of claim 1 6 further comprising a first air 
vent (1 1 ) located downstream from said flow meas- 
uring element (3) said first air vent (11) having a 



10 

opening surface area of less than about fifty percent 
of a surface area of said outlet (10). 

18. The device of claim 1 5 further comprising a second 
5 air vent (11) located upstream from said flow meas- 
uring element (3). 

19. The device of claim 1 8 wherein said second air vent 
(11) has a height of about 1 mm. 

10 

20. The device of claim 1 8 wherein said second air vent 

(1 1 ) has an opening surface area ratio of less than 
about 1:10 compared to a sectional surface area of 
said sub-passage (7). 

75 

21. The device of claim 15 wherein said sub-passage 
(7) further comprises a outer wall (71), said outer 
wall (71) having a predefined groove for collecting 
unwanted matter in said airflow. 

20 

22. The device of claim 21 wherein said flow measuring 
element (3) is located at a position at least above 
said groove. 

25 23. The device of claim 1 5 wherein said device is locat- 
ed in an air intake passage (1 ) of a internal combus- 
tion engine. 

24. The device of claim 1 5 wherein said flow measuring 
30 element (3) is coupled to an electronic circuit for 

processing data received from said element (3). 

25. The device of claim 15 wherein said sub-passage 
(7) further comprises an inclination (12) of the outer 

35 wall (71) at least before said point (8a), 

26. The device of claim 25 further comprising a third air 
vent (11) positioned at the base of said inclination 

(12) . 

40 
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